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@  Oily  lubricant  for  cold  plastic  processing  of  metallic  material. 

©  An  oily  lubricant  for  cold  plastic  processing  of  metallic 
material  obtained  by  compounding  either  one  or  both  types 
of  polymers  of  2-ethyl  polyacrylate-hexyl  ester  and  poly- 
methacrylic  acid  lauryl  ester  with  one  or  more  oiliness  im- 
provers  selected  from  refined  lard,  oleic  acid,  phosphate, 
hindered  ester,  isostearic  acid,  and  C18  saturated  higher 
alcohol  and  which  are  liquid  at  room  temperature  and  which 
are  compatible  with  the  polymers.  The  oiliness  improver  is 
compounded  as  a  thinning  oil  at  a  specified  composition 
ratio. 
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OILY  LUBRICANT  FOR  COLD  PLASTIC  PROCESSING  OF  METALLIC  MATERIAL 

5  The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  o i ly   l u b r i c a n t   f o r  

cold  p l a s t i c   p r o c e s s i n g   of  m e t a l l i c   m a t e r i a l ,   and  p a r t i c u l a r l y  

to  an  o i ly   l u b r i c a n t   used  for  cold  p l a s t i c   p r o c e s s i n g ,   such  a s  

drawing,   c o n t r a c t i o n   of  area ,   r o l l i n g   and  fo rg ing   of  m e t a l l i c  

m a t e r i a l   . 
10 

For  cold  p l a s t i c   p r o c e s s i n g ,   such  as  drawing,   r e d u c t i o n  

in  area  (d rawing) ,   r o l l i n g ,   and  f o r g i n g ,   of  m e t a l l i c   m a t e r i a l ,  

va r ious   forms  of  l u b r i c a n t s   are  added  in  order   to  p r e v e n t  

f r i c t i o n a l   damage  (burn ing)   of  the  metal  mold,  die ,   e tc .   and 

15  the  m a t e r i a l   to  be  p r o c e s s e d ,   such  as  s t e e l   pipe  and  s t e e l  

shee t ,   and  to  improve  the  q u a l i t y   of  the  p rocessed   p roduc t   a s  

well  as  to  reduce  the  wear  of  the  t o o l s .  

In  c o n v e n t i o n a l   drawings  o i l s   and  press   o i l s   a c t i n g   a s  

20  the  o i ly   l u b r i c a n t ,   minera l   o i l s   or  s y n t h e t i c   l u b r i c a t i n g   o i l s  

are  used  as  the  base  o i l ,   with  o i l i n e s s   improvers   and  e x t r e m e  

p r e s s u r e   a d d i t i v e s   added  t h e r e t o .   However,  they  are  low  i n  

burning  r e s i s t a n c e ;   and  when  the  degree  of  p r o c e s s i n g   becomes 

high  and  the  c o n t a c t   area  between  the  m a t e r i a l   to  be  p r o c e s s e d  

25  and  the  tool   is  i n c r e a s e d ,   they  tend  to  cause  film  b r e a k a g e  

with  r e s u l t i n g   burn ing .   Thus,  they  have  only  been  u s e a b l e  

for  r e l a t i v e l y   l i g h t   degree  p r o c e s s i n g   ( for   example,  s i n k i n g ) ,  

and  i t   has  been  t o t a l l y   u n f e a s i b l e   to  use  them  for  s t e e l   p i p e  

drawing,  e tc .   under  the  severe   p r o c e s s i n g   c o n d i t i o n s   t h a t  

30  e x i s t .   Also,  s ince   they  con t a in   extreme  p r e s s u r e   a d d i t i v e s ,  

metal  c o r r o s i o n   is  c a u s e d .  

In  c o n v e n t i o n a l   o i ly   l u b r i c a n t s ,   as  the  s y n t h e t i c  

l u b r i c a t i n g   oi l   ac t ing   as  the  base  o i l ,   po lybu t ene ,   o ( . - o l e f i n ,  

35 
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o l igomer ,   p o l y e t h y l e n e g l y c o l   ,  e tc .   are  g e n e r a l l y   used,  and  a s  
the  o i l i n e s s   improver ,   f a t s   and  o i l s ,   s a t u r a t e d   and  u n s a t u r a t e d  

f a t t y   ac ids   with  10  or  more  carbons ,   f a t t y   acid  e s t e r s ,  

phospha te ,   a l c o h o l ,   e tc .   are  g e n e r a l l y   used;  f u r t h e r m o r e ,   a s  
the  extreme  p r e s s u r e   a d d i t i v e ,   chemical   compounds  c o n t a i n i n g  
s u l f u r   or  c h l o r i n e   afe  g e n e r a l l y   u s e d .  

The  base  o i l   is  a  c a r r i e r   t ha t   has  the  f unc t ion   o f  

d i s s o l v i n g   the  o i ly   l u b r i c a n t   and  the  extreme  p r e s s u r e   a d d i t i v e  

in  a  homogeneous  and  s t a b l e   manner  and  to  car ry   them  in to   t h e  

p o r t i o n s   needing  to  be  l u b r i c a t e d .   Mineral   o i l s   and  s y t h e t i c  

l u b r i c a t i n g   o i l s   do  not  have  s t rong   polar   groups  and  they  a r e  
low  in  l u b r i c a t i n g   a b i l i t y .   Accord ing ly ,   they  cannot  be  u sed  

as  the  l u b r i c a n t   by  t hemse lves ;   however,  they  do  not  g e n e r a l l y  
s u f f e r   chemical   changes  such  as  o x i d a t i o n   and  d e t e r i o r a t i o n ,   and 

thus ,   they  are  used  as  the  base  o i l .  

The  o i l i n e s s   improver  is  the  m a t e r i a l   tha t   is  fed  by  t h e  

base  o i l   to  the  metal  f r i c t i o n   su r f ace   r e q u i r i n g   l u b r i c a t i o n ,  

and  the  l u b r i c a t i n g   e f f e c t   is  produced  by  the  o i l i n e s s   i m p r o v e r  

being  adsorbed .   Fats   and  o i l s ,   f a t t y   a c id s ,   e tc .   are  l o n g  
chain  compounds  with  high  molecu la r   weight ,   and  they  have  a  

s t rong   po la r   group  at  one  end  of  the  molecu le .   By  the  a c t i o n  

of  such  polar   group,  the  molecu les   are  s t r o n g l y   adsorbed  on 
and  c o n f i g u r e d   along  the  metal  s u r f a c e ,   thereby   forming  an  

a d s o r p t i o n   f i lm.  Fu r the rmore ,   because  of  the  mu tua l  

a t t r a c t i o n   between  the  long  molecu la r   chains   con f igu red   t o  

make  the  a d s o r p t i o n   f i lm,  the  film  becomes  firm  and  s t r o n g ,  

and  e x h i b i t s   a  l u b r i c a t i n g   e f f e c t ,   to  reduce  the  f r i c t i o n .  

However,  as  the  t e m p e r a t u r e   i n c r e a s e s ,   the  c o n f i g u r a t i o n   o f  

molecu les   become  d i s o r d e r e d ,   and  at  about  150°C,  the  f i l m  

s e p a r a t e s ,   and  the  l u b r i c a t i n g   e f f e c t   is  l o s t .   Since  t h e  

o i l i n e s s   improver   loses   i t s   l u b r i c a t i n g   e f f e c t   when  t h e  

t e m p e r a t u r e   r eaches   150°C  or  above,  the  a d d i t i o n   of  an 
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o i l i n e s s   improver  under  severe   l u b r i c a t i n g   c o n d i t i o n s   is  n o t  

e f f e c t i v e .   I n s t e a d ,   an  extreme  p r e s s u r e   a d d i t i v e   t h a t  

e x h i b i t s   the  d e s i r e d   l u b r i c a t i n g   e f f e c t   at  high  t e m p e r a t u r e  

is  a d d e d .  

5 

The  extreme  p r e s s u r e   a d d i t i v e   is  the  m a t e r i a l   tha t   i s  

s u p p l i e d ,   in  the  same  manner  as  the  o i l i n e s s   improver ,   to  t h e  

metal  f r i c t i o n   s u r f a c e   r e q u i r i n g   l u b r i c a t i o n ,   by  the  base  o i l ,  

and  forms  a  film  on  the  metal  s u r f a c e ,   by  c h e m i c a l l y   r e a c t i n g  

10  with  the  metal  when  the  degree  of  p l a s t i c   p r o c e s s i n g   becomes 

high  and  the  con t ac t   area  between  the  m a t e r i a l   to  be  p r o c e s s e d  

and  the  tool   becomes  i n c r e a s e d   with  the  r e s u l t i n g   e x t r e m e  

p r e s s u r e   c o n d i t i o n   which  accompanies  high  t e m p e r a t u r e   and  high  * 

p r e s s u r e .   Throughi the   format ion  of  the  film  mentioned  a b o v e ,  

15  the  extreme  p r e s s u r e   a d d i t i v e   p r e v e n t s   the  burning  by  r e d u c i n g  

the  f r i c t i o n ,   and  improves  the  burning  r e s i s t a n c e   of  t h e  

l u b r i c a n t .   Chemical  compounds  c o n t a i n i n g   c h l o r i n e   or  s u l f u r  

are  d i f f e r e n t   in  r e a c t i o n   t e m p e r a t u r e   range,   r e s p e c t i v e l y .  

T h e r e f o r e ,   they  are  added  in  accordance   with  t h e i r   p u r p o s e  

20  and  use,  when;  used  t o g e t h e r   with  the  base  o i l   and  the  o i l i n e s s  

improver .   For  the  extreme  p r e s s u r e   a d d i t i v e   c o n t a i n i n g  

c h l o r i n e ,   a  c h l o r i n a t e d   p a r a f f i n   is  used  in  many  cases ,   and 

at  150°C  to  250°C,  the  C-Cl  bond  is  broken  due  to  t h e r m a l  

decompos i t i on ,   and  Cl2  or  HC1  is  formed.  Thus,  the  e x t r e m e  

25  p r e s s u r e   l u b r i c a t i n g   e f f e c t   is  shown.  However,  such  e x t r e m e  

p r e s s u r e   a d d i t i v e   has  a  d i s a d v a n t a g e   t h a t ,   when  water  i s  

p r e s e n t ,   h y d r o l y s i s   is  caused,   and  HC1  is  l i b e r a t e d ,   t h e r e b y  

caus ing   s e r i o u s   c o r r o s i o n .   The  boundary  l u b r i c a t i o n  

t e m p e r a t u r e   range  of  the  s u l f u r   compounds  is  about  250°C  t o  

30  350°C. 

Also,  as  the  c o n v e n t i o n a l   o i ly   l u b r i c a n t s ,   there   a r e  

those  c o n t a i n i n g ,   in  a d d i t i o n   to  the  abovementioned  t h r e e  

types  of  components,   s o l i d   l u b r i c a n t s ,   such  as  g r a p h i t e   and 

molybdenum  d i s u l f i d e ,   which  are  mixed  t h e r e w i t h   in  order   t o  

35 
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improve  the  burning  r e s i s t a n c e .   However,  such  o i l y  
l u b r i c a n t s   tend  to  cause  the  burn ing ,   and  in  the  same  manner  a s  
the  o the r   o i ly   l u b r i c a n t s ,   they  can  be  used  only  for  r e l a t i v e l y  
low  degree  p r o c e s s i n g   work  ( for   example,  s i n k i n g ) .   B e s i d e s ,  
such  o i ly   l u b r i c a n t s   have  d i s a d v a n t a g e s   i n c l u d i n g   the  f a c t  
t h a t   the  o i l   supply  becomes  d i f f i c u l t   because  of  the  p r e s e n c e  
of  the  s o l i d   l u b r i c a t i n g   agent ,   t h a t   they  accumulate   in  t h e  
metal  mold,  or  t h a t   they  cause  maintenance   p r o b l e m s .  

As  has  been  d e s c r i b e d   above,  in  the  use  of  the  o i l y  
l u b r i c a n t ,   by  means  of  the  base  o i l ,   the  o i l i n e s s   i m p r o v e r  
and  the  extreme  p r e s s u r e   a d d i t i v e   are  supp l i ed   to  the  m e t a l  
f r i c t i o n   s u r f a c e   and  adsorbed  t h e r e o n .   Then,  in  t h e  

t e m p e r a t u r e   range  from  room  t e m p e r a t u r e   to  about  150°C,  a s  
the  f l u i d   l u b r i c a t i o n   range  in  which  the  o i l i n e s s   i m p r o v e r  

se rves   to  ma in ta in   the  o i l   f i lm,  the  o i l i n e s s   improver  shows 
the  d e s i r e d   l u b r i c a t i n g   e f f e c t ;   however,  in  the  bounda ry  
l u b r i c a t i o n   range  with  h igher   t e m p e r a t u r e   and  with  s e v e r e  
p r o c e s s i n g   c o n d i t i o n ,   the  extreme  p r e s s u r e   a d d i t i v e   f u n c t i o n s  
to  ma in ta in   the  o i l   film  and  e x h i b i t s   a  l u b r i c a t i n g   e f f e c t .  

However,  in  view  of  the  low  degree  of  the  a c t u a l   l u b r i c a t i n g  
e f f e c t   of  the  o i ly   l u b r i c a n t ,   due  to  i t s   low  b u r n i n g  

r e s i s t a n c e ,   the  l u b r i c a n t   is  only  s u f f i c i e n t   for  low  d e g r e e  
p l a s t i c   p r o c e s s i n g   for  s t e e l   pipe  drawing,  e t c .  

On  the  o the r   hand,  the  o i ly   l u b r i c a n t   can  be  used  be 

merely  app ly ing   i t   to  the  s u r f a c e   of  the  metal  to  be  p r o c e s s e d .  
T h e r e f o r e ,   the  p rocess   is  s imple  and  i t   is  a lso   qu i te   easy  t o  

remove  the  l u b r i c a n t   a f t e r   p r o c e s s i n g .  

A c c o r d i n g l y ,   v a r i o u s   methods  for  improving  the  b u r n i n g  
r e s i s t a n c e   of  a  l u b r i c a n t   as  mentioned  below  have  been  

employed  c o n v e n t i o n a l l y .  
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For  example,  in  the  cold  drawing  of  s t e e l   p ipes ,   t h e  

fo l lowing   methods  have  been  u s e d : -  

a)  The  s t e e l   pipe  is  t r e a t e d   with  a  chemical   c o n v e r s i o n  

5  coa t ing   ( for   example,  phosphate   c o a t i n g ,   o x a l i c   acid  o x i d a t i o n  

c o a t i n g )   in  advance,  and  is  also  provided  with  a  s e c o n d a r y  

l u b r i c a n t   ( for   example,  m e t a l l i c   soap,  such  as  sodium  s t e a r a t e ,  

and  o i l ) .  

10  b)  The  s t e e l   pipe  is  coated  with  a  l i q u i d   form  s y n t h e t i c  

r e s i n   ( l i q u i d   ob ta ined   by  e m u l s i f y i n g   a  s y n t h e t i c   r e s i n ,   or  by 

d i s s o l v i n g   the  s y n t h e t i c   r e s i n   in  a  s o l v e n t )   in  advance,   and 

the  coa t i ng   is  s o l i d i f i e d   by  d r y i n g .  

15  Also,  in  the  drawing  of  sheet   form  m e t a l l i c   m a t e r i a l ,   t h e  

fo l lowing   methods  have  been  u s e d : -  

c)  The  l u b r i c a t i o n   film  is  t h i ckened   by  d i r e c t l y   c o a t i n g  

the  m a t e r i a l   with  press   oi l   tha t   is  made  s p e c i f i c a l l y   high  i n  

20  v i s c o s i t y .  

d)  Press   o i l   with  extreme  p r e s s u r e   a d d i t i v e   added  t h e r e t o  

is  used  for  d i r e c t l y   coa t i ng   the  m a t e r i a l .  

25  e)  After   coa t i ng   the  m a t e r i a l   with  a  s o l u t i o n   o f  

s y n t h e t i c   r e s i n ,   such  as  v inyl   c h l o r i d e   r e s i n ,   ha rden ing   by 

drying  is  c a r r i e d   o u t .  

f)  The  s y n t h e t i c   r e s i n   film  is  d i r e c t l y   adhered  to  t h e  

30  su r f ace   of  the  m a t e r i a l   to  be  p r o c e s s e d .  

However,  these   methods  are  not  s a t i s f a c t o r y   in  t e r m s  

of  s i m p l i c i t y   in  l u b r i c a t i n g   t r e a t m e n t ,   r e a d i n e s s   for  r e m o v a l  

a f t e r   p r o c e s s i n g ,   and  the  c l e a r n e s s   of  the  metal  s u r f a c e .  

35 
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From  a  p r a c t i c a l   po in t   of  v i ew:  

Method  a)  mentioned  above  enab les   the  l u b r i c a n t   to  show 

s u f f i c i e n t   l u b r i c a t i n g   e f f e c t   even  when  the  degree  o f  

p r o c e s s i n g   ( d r a f t )   is  high.   However,  s ince   the  l u b r i c a n t  

is  of  the  chemical   r e a c t i o n   type,   i t   is  d i f f i c u l t   to  c o n t r o l  

the  p r o c e s s i n g   s o l u t i o n ;   and  also  because  the  l i f e   of  t h e  

l u b r i c a n t   is  s h o r t ,   i t   is  n e c e s s a r y   to  car ry   out  w a s t e  

s o l u t i o n   d i s p o s a l   t r e a t m e n t   f r e q u e n t l y .   Thus,  t h i s   method 

has  an  economic  problem,  and  at  the  same  time,  i t   may  c a u s e  

e n v i r o n m e n t a l   p o l l u t i o n .   Bes ides ,   s ince   the  l u b r i c a t i o n  

film  adheres   so  wel l ,   i t   is  d i f f i c u l t   to  remove  the  film  from 

the  p roduc t   a f t e r   p r o c e s s i n g .   Fu r the rmore ,   s ince   t h e  

p r o c e s s i n g   is  of  the  chemical   r e a c t i o n   type,   and  i f   the  m a t e r i a l  

is  h igh ly   a n t i c o r r o s i v e ,   the  chemical   t r e a t m e n t   i t s e l f   i s  

d i f f i c u l t   to  ca r ry   out,  and  homogeneous  chemical   c o n v e r s i o n  

c o a t i n g s   cannot   be  fo rmed .  

Method  b)  is  to  p h y s i c a l l y   adhere  the  film  over  t h e  

s u r f a c e   of  the  m e t a l l i c   m a t e r i a l ,   and  a  l u b r i c a n t   h a v i n g  

l u b r i c a t i n g   c h a r a c t e r i s t i c s   s u p e r i o r   to  those  ob ta ined   by 
method  a)  is  produced.   However,  the  method  s u f f e r s   from  t h e  

d i s a d v a n t a g e   t h a t   i t   r e q u i r e s   e x t e n s i v e   drying  in  order   t o  

ob ta in   the  l u b r i c a t i o n   f i lm.   Also,  the  removal  of  the  f i l m  

a f t e r   the  p r o c e s s i n g   becomes  more  d i f f i c u l t   as  the  l u b r i c a t i o n  

film  becomes  s t r o n g e r .  

Method  c)  is  d e f e c t i v e   in  t h a t   the  p r o c e s s a b i l i t y   becomes 

lower  with  an  i n c r e a s e   in  v i s c o s i t y ;   and  

Method  d)  is  d i s a d v a n t a g e o u s   in  t h a t ,   s ince   i t   uses  a  
somewhat  r e s t r a i n e d   c o r r o s i o n   r e a c t i o n ,   severe   c o r r o s i v e n e s s  

is  caused  by  the  p resence   of  water ,   e t c .  
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Methods  e)  and  f)  make  i t   p o s s i b l e   to  perform  drawing  o f  

a  high  degree  in  d r a f t   and  deep  drawing  which  are  n o t  

a c h i e v a b l e   by  the  drawing  oi l   and  press   o i l .   However,  t h e y  

have  the  shor tcomings   in  tha t   they  r e q u i r e   s t r enuous   work 

5  for  drying  and  adhesion  of  the  r e s in   f i lm,  and  also  in  t h a t  

they  are  c o n s i d e r a b l y   h igher   in  cost   in  comparison  with  t h e  

drawing  oi l   and  the  press   o i l .  

As  has  been  mentioned  above,  while  c o n v e n t i o n a l  

LO  l u b r i c a n t s   have  c h a r a c t e r i s t i c   e f f e c t s ,   r e s p e c t i v e l y ,   e v e r y  

one  of  them  has  one  or  more  d i s a d v a n t a g e s .  

The  p r e s e n t   i n v e n t i o n   is  in tended   to  at  l e a s t   m i n i m i z e  

the  above-ment ioned   d i s a d v a n t a g e s   of  the  p r io r   a r t ,   and  t h e  

15  ob jec t   of  t h i s   i n v e n t i o n   is  to  provide  an  o i ly   l u b r i c a n t   f o r  

cold  p l a s t i c   p r o c e s s i n g   of  m e t a l l i c   m a t e r i a l ,   tha t   has  a 

burning  r e s i s t a n c e   near ly   equal  to  tha t   of  l u b r i c a n t s   o b t a i n e d  

by  c o n v e n t i o n a l   chemical   conve r s ion   coa t ing   or  s y n t h e t i c   f i l m  

c o a t i n g s ,   for  the  range  from  the  f l u id   l u b r i c a t i o n   range  t o  

20  the  boundary  l u b r i c a t i o n   r a n g e .  

Another  ob j ec t   of  t h i s   i n v e n t i o n   is  to  p rovide   an  o i l y  

l u b r i c a n t   for  cold  p l a s t i c   p r o c e s s i n g   of  m e t a l l i c   m a t e r i a l  

tha t   does  not  cause  c o r r o s i o n   to  the  m e t a l l i c   m a t e r i a l .  

25 

According  to  the  p re sen t   i n v e n t i o n   the re   is  provided  an  

oi ly   l u b r i c a n t   for  cold  p l a s t i c   p r o c e s s i n g   of  m e t a l l i c  

m a t e r i a l   compr is ing   one  or  both  of  the  polymers  s e l e c t e d   from 

2 - e t h y l   p o l y a c r y l a t e - h e x y l   e s t e r   and  p o l y m e t h a c r y l i c   a c i d  

30  l a u r y l   e s t e r   compounded  with  at  l e a s t   one  type  of  an  o i l i n e s s  

improver  which  is  l i q u i d   at  room  t e m p e r a t u r e   and  which  i s  

compat ib le   with  said  polymers,  as  a  t h i n n i n g   o i l ,   in  a 

p r e d e t e r m i n e d   r a t i o .  

35 

15 

20 

25 

30 
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We  have  found  tha t   an  o i ly   l u b r i c a n t   is  ob ta ined   i f   t h e  

polymers  of  e i t h e r   one  or  both  of  2 - e t h y l   p o l y a c r y l a t e - h e x y l  
e s t e r   and  m e t h a c r y l i c   acid  l a u r y l   e s t e r   are  compounded  with  one 

type  or  not  l e s s   than  two  types  of  o i l i n e s s   improvers   which  a r e  

l i q u i d   at  room  t e m p e r a t u r e   and  a lso   which  are  compat ib le   w i t h  

the  fo rego ing   polymers  as  a  t h i n n i n g   o i l ,   in  a  s p e c i f i e d   r a t i o .  

As  s u i t a b l e   o i l i n e s s   improvers   which  are  l i q u i d   at  room 

t e m p e r a t u r e   and  which  are  compa t ib le   with  the  po lymers  

mentioned  above,  t he re   may  be  mentioned  r e f i n e d   l a rd ,   o l e i c  

acid ,   phospha te ,   h indered   e s t e r ,   i s o s t e a r i c   acid,   and  C-^g 
s a t u r a t e d   high  a l c o h o l ,   and  mix tures   t h e r e o f .  

The  i n v e n t o r s   of  t h i s   i n v e n t i o n   embarked  on  a  study  o f  

an  o i ly   l u b r i c a n t   which  is  lowest   in  burning  r e s i s t a n c e   among 
those  a p p l i e d   in  va r ious   types  of  l u b r i c a t i o n   p r o c e s s i n g  

methods,   but  which  is  able  to  s i m p l i f y   the  p rocess   and  i s  

e a s i l y   removable  a f t e r   the  p r o c e s s i n g ,   in  order   to  e l i m i n a t e  

i t s   c o r r o s i v e n e s s   to  metals   and  to  provide   i t   with  a  b u r n i n g  
r e s i s t a n c e   comparable  to  the  o i ly   l u b r i c a n t   ob ta ined   by 
c o n v e n t i o n a l   chemical   c o n v e r s i o n   t r e a t m e n t s   or  c o a t i n g  

t r e a t m e n t s ,   t he reby   making  i t   f e a s i b l e   to  a c t u a l l y   a p p l y  
i t   to  the  drawing  of  s t e e l   p i p e s .  

F i r s t ,   the  i n v e n t o r s   decided  to  recheck  the  d e f e c t i v e  

p o i n t s   of  the  c o n v e n t i o n a l   o i ly   l u b r i c a n t s .  

(1)  The  c o r r o s i v e n e s s   to  meta ls   is  der ived   from  t h e  

extreme  p r e s s u r e   a d d i t i v e   con t a ined   in  the  o i ly   l u b r i c a n t ;  
and  as  far  as  the  extreme  p r e s s u r e   a d d i t i v e   is  c o n c e r n e d ,  
the  c o r r o s i v e n e s s   to  metals   is  u n a v o i d a b l e .  

(2)  Mineral   o i l s   and  s y n t h e t i c   l u b r i c a t i n g   o i l s   used  a s  
the  base  o i l   are  chemica l ly   s t a b l e   at  high  t e m p e r a t u r e s   and 

under  high  p r e s s u r e ,   but  they  are  ex t remely   low  in  b u r n i n g  
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r e s i s t a n c e .   Because  of  the  above,  the  o i l i n e s s   improver  and 

the  extreme  p r e s s u r e   a d d i t i v e   are  added .  

Based  on  the  above-ment ioned   u n d e r s t a n d i n g s ,   t h e  

5  i n v e n t o r s   s t a r t e d   to  d i s c o v e r ,   from  high  molecu la r   w e i g h t  

compounds,  a  subs tance   which  is  chemica l ly   s t a b l e   ( n o n -  

r e a c t i v e ) ,   and  which  shows  a  far  h igher   burning  r e s i s t a n c e  

(degree   of  oi l   film  s t r e n g t h )   than  tha t   shown  by  c o n v e n t i o n a l  

ones,  even  in  the  boundary  l u b r i c a t i o n   range  (high  t e m p e r a t u r e ,  

10  high  p r e s s u r e ) ,   wi thout   using  an  extreme  p r e s s u r e   a d d i t i v e .  

The  i n v e n t o r s   expec ted   t h a t ,   of  the  high  molecu la r   w e i g h t  

compounds  ( po lymers ) ,   those  with  markedly  high  m o l e c u l a r  

weight  are  high  in  chemical   s t a b i l i t y   and  s u i t a b l e   as  t h e  

15  base  o i l ,   and  also  tha t   some  of  them  are  high  in  b u r n i n g  

r e s i s t a n c e .  

Accord ing ly ,   i t   was  decided  t h a t ,   from  innumerable   h i g h  

molecu la r   weight  compounds,  those  which  do  not  need  to  be 

20  d i s s o l v e d   ( those   which  are  not  in  the  form  of  a  p a s t e ,   powder ,  

g ra in ,   or  lump  at  room  t e m p e r a t u r e )   were  to  be  s e l e c t e d .   As 

a  r e s u l t ,   four  types  of  s u b s t a n c e s   which  are  l i q u i d   at  room 

t e m p e r a t u r e   were  found,  viz.   (1)  p o l y b u t e n e ,   (2)  a  copo lymer  

of  e t hy l ene   and  d-  - o l e f i n ,   (3)  p o l y b u t a d i e n e ,   and  (4)  b u t y l  

25  p o l y a c r y l i c   e s t e r .   Then  by  i n v e s t i g a t i n g   t h e i r   p h y s i c a l  

p r o p e r t i e s   (average   molecu la r   weight  and  v i s c o s i t y ) ,   t h e  

r e s u l t s   shown  in  Table  1  were  o b t a i n e d .   For  these   f o u r  

types  of  s u b s t a n c e s   the re   fol lowed  a  Bauden  t e s t   and  a  

drawing  t e s t   as  the  e v a l u a t i o n   method  for  the  l u b r i c a t i o n  

30  c h a r a c t e r i s t i c s ,   and  the  r e s u l t s   ob ta ined   are  shown  i n  

Tables  2  and  3.  For  the  Bauden  t e s t ,   each  sample  a g e n t  

was  coated  over  the  su r f ace   of  the  s t a i n l e s s   s t e e l   (SUS  3 0 4 ) ,  

the  t e s t   t e m p e r a t u r e   was  ma in t a ined   at  100°C,  a  s t e e l   b a l l  

of  3/16'   in  d iameter   was  p ressed   onto  the  coated  s u r f a c e  

35 
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with  a  2  kg  load,   and  i t   was  made  to  r e c i p r o c a t e   at  a  s p e e d  
of  0.8  mm/sec.  Under  the  fo rego ing   c o n d i t i o n s ,   t h e  
v a r i a t i o n   in  the  c o e f f i c i e n t   of  f r i c t i o n   of  the  sample  a g e n t  
was  checked.   Then,  the  c o e f f i c i e n t   of  f r i c t i o n ^   at  t h e  
i n i t i a l   time  and  the  number  of  f r i c t i o n s   u n t i l   r e a c h i n g  

= 0 . 2   were  e v a l u a t e d   as  the  burning  r e s i s t a n c e .  
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T a b l e   1  ( P h y s i c a l   P r o p e r t y )  

Sample   A v e r a g e  
A g e n t   M o l e c u l a r   V i s c o s i t y  
T e s t e d   ' W e i g h t   (Mw)  100  °C  ( c p )  

1  2 , 3 5 0   4 , 0 0 0  

2  3 , 6 0 0   2 , 0 0 0 -  

3  2 , 8 0 0   3 6 0  

4  1 7 , 0 0 0   5 8 0  

T a b l e   2  ( B a u d e n   T e s t )  

Number   of   T i m e s   o f  
C o e f f i c i e n t   F r i c t i o n s   u n t i l  
of   F r i c t i o n / * -   R e a c h i n g   to   M = 0 . 2  

1  0 . 1 9 8   .7 

2  H i g h e r   t h a n   0 . 2   0 

3  0 . 1 6 8   1 0  

4  ■  0 ; 1 6 0   •  Not  l e s s   t h a n   1 0 0  
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T a b l e   3  ( D r a w i n g   T e s t )  

1  2  3  4 

I n t e r n a l   •  „  n  v  S t a t e   of   P i p e   S u r f a c e .   °  
E x t e r n a l   n  
S u r f a c e   *  0  ® 

S t a t e   o f   P l u g   XX  0  X  0  

D r a w i n g   Load   ( t o n )   7 . 1   7 .5   7 .3   6 . 9  

P l u g   T h r u s t   ( t o n )   1 .6   1 .4   1 . 4   1 . 2  

R e m a r k s :  

1.  E v a l u a t i o n   o f   t h e   s t a t e   of   p i p e  

XX  . . .   B u r n i n g   i s   e x t e n s i v e   . 

X  . . .   S l i g h t l y   b u r n t .  

£   . . .   M e t a l l i c   l u s t r e   and  s t r e a k   due  to   o i l   f i l m   b r e a k a g e  

a r e   o b s e r v e d .  

O  . . .   S l i g h t   s t r e a k .  

0  . . .   No  a b n o r m a l i t y   i s   o b s e r v e d .  

2.  S t a t e   o f   p l u g  

XX  . . .   B u r n i n g   i s   e x t e n s i v e .  

X  . . .   S l i g h t l y   b u r n t .  

O  . . .   C l o u d i n e s s   i s   o b s e r v e d .  

Q  . . .   No  a b n o r m a l i t y   i s   o b s e r v e d .  

3.  D r a w i n g   l o a d   . . .   I n d i c a t e d   w i t h   maximum  d r a w i n g   l o a d   ( g r o s s  

d r a w i n g   l o a d )   . 

4.  P l u g   t h r u s t   . . .   I n d i c a t e d   w i t h   maximum  p l u g   t h r u s t .  

5.  T e s t e d   u n d e r   t h e   d r a w i n g   c o n d i t i o n   IV  in  T a b l e   1 3 .  
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In  Table  2,  the  f r i c t i o n   c o e f f i c i e n t   of  (4)  is  0 . 1 6 0 ,  

and  t h i s   is  c o n s i d e r a b l y   smal le r   than  the  gene ra l   maximum 

t h r e s h o l d   value  0.2  s u i t a b l e   for  the  l u b r i c a n t .   Also,  t h e  

number  of  times  of  f r i c t i o n   u n t i l   the  f r i c t i o n   c o e f f i c i e n t   > \  

5  exceeds  0.2  is  remarkably  l a rge   (100  or  above).   Also  i n  

Table  3,  (4)  shows  a  n o t i c e a b l y   high  value  for  the  d r a w i n g  

t e s t .  

T h e r e f o r e ,   i t   was  decided  t h a t ,   of  the  t e s t e d   agents   ( 1 )  

to  (4),   butyl '   p o l y a c r y l i c   e s t e r   of  (4)  alone  was  p r e f e r a b l e .  

10 

Thus,  the  i n v e n t o r s   p r e d i c t e d   tha t   high  molecu la r   w e i g h t  

compounds  having  a  molecu la r   s t r u c t u r e   s i m i l a r   to  tha t   o f  

butyl   p o l y a c r y l i c   e s t e r   would  be  high  in  l u b r i c a t i n g  

per formance ,   and  looked  for  ones  which  are  in1  a  l i q u i d   s t a t e  

15  at  room  t e m p e r a t u r e ,   s e l e c t e d   from  p o l y a c r y l i c   a c i d s ,  

p o l y m e t h a c r y l i c   ac ids ,   and  copolymers  of  a c r y l i c   acid  e s t e r s  

and  m e t h a c r y l i c   acid  e s t e r s .  

Because  p o l y a c r y l i c   ac ids   are  low  in  Tg  ( g l a s s   t r a n s i s t i o n  

20  t e m p e r a t u r e ) ,   a l though  i t   depends  on  the  number  of  carbons  i n  

the  e s t e r   p o r t i o n ,   many  of  them  are  in  a  l i q u i d   s t a t e   at  room 

t e m p e r a t u r e .  

In  g e n e r a l ,   p o l y m e t h a c r y l i c   ac ids   are  high  in  Tg. 

25  Accord ing ly ,   nraany  of  them  are  in  powder  form  or  s o l i d   s t a t e  

at  room  t e m p e r a t u r e .   Of  such  m e t h a c y l i c   ac ids ,   those  found  

to  be  in  a  l i q u i d   s t a t e   at  room  t e m p e r a t u r e   were  p o l y m e t h -  

a c r y l i c   acid  l a u r y l   e s t e r   and  2 - e t h y l   p o l y m e t h a c r y l a t e - h e x y l  

e s t e r .  

30 
Since  the  copolymers  of  a c r y l i c   acid  e s t e r   and  m e t h a c r y l i c  

acid  e s t e r   are  e i t h e r   e x c e s s i v e l y   v i scous   or  in  a  so l i d   s t a t e  

at  room  t e m p e r a t u r e ,   they  were  excluded  by  dec id ing   that   t h e y  

are  not  s u i t a b l e   for  the  purpose  of  o b t a i n i n g   the  l i q u i d  

35  l u b r i c a n t .  
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Table  4  shows  the  p h y s i c a l   p r o p e r t i e s   (average   m o l e c u l a r  
weight   and  v i s c o s i t y )   of  the  s e l e c t e d   high  molecu la r   compounds.  
Tables   5  and  6  show  the  r e s u l t s   ob t a ined   for  the  drawing  t e s t  
conduc ted   with  r ega rd   to  the  burning   r e s i s t a n c e .  

As  shown  in  Tables   5  and  6,  every  one  of  the  high  m o l e c u l a r  
compounds  s e l e c t e d   as  shown  in  Table  4  was  b e t t e r   than  commerc ia l  
p r o d u c t s   in  r e s u l t s .   Those  showing  p a r t i c u l a r l y   good  r e s u l t s  
were  (7)  and  ( 9 ) .  

r a s i e   4  

•  sample  A v e r a g e  
Agent  M o l e c u l a r   V i s c o s i t y  

Ho.  T e s t e d   Weiaht   (Mw)  100»C  ( c o )  

4  Bu ty l   p o l y a c r y l a t e  
e s t e r   17,000  580  

5  Bu ty l   p o l y a c r y l a t e  
e s t e r   14 ,000  370 

6  E t h y l   p o l y a c r y l a t e  
e s t e r   21,000  690 

1  ^ - e c n y i - p o i y a c r y i a t e  
- h e x y l   e s t e r   14,000  470  

15  8  2 - e t h y l - p o l y m e t h a c r y l a t e  
- h e x y l   e s t e r   20,000  1 , 3 0 8 , 0 0 0  

9  P o l y m e t h a c r y l i c   a c i d  
l a u r y l   e s t e r   48,000  4 , 4 2 0  
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Table  5 

Number  of  Sample  .  ,  s  7  a  «  c o m m e r c i a l  
Agent  Tested  *  s  0  P r o d u c t  

T e s t  
S t a t e   i n t e r n a l   Q  0  Q  Q  0 . 0   o 
of  S u r f a c e  
Pipe  E x t e r n a l   0 0 0 0 0 0 0  S u r f a c e  

S ta t e   of  Plug  0  o  0  0  0  0  0 * 

Maximum  Drawing  6>7  6#7  6#7  6.7  6>8  6.7  6 . 8  
Load  ( t o n )  

Maximum  Plug  1<0  1#1  1>2  1.0  1.3  1.2  1 . 3  
Thrus t   ( t on )  

Remarks  : 

1.  Commerical  p roduc t   is  G-7553  metal   working  f lu id ,   (p roduct   name)  f rom 
Nippon  Kosakuyu  Co.,  Ltd.  A  l u b r i c a t i n g   o i l   for  drawing,   t h a t   c o n t a i n s  
c h l o r i n a t e d   p a r a f f i n   as  pr imary  component;   v i s c o s i t y   100°C  (cp)  =  30 .  

2.  The  t e s t   was  conduc ted   under  the  drawing  t e s t   c o n d i t i o n   I  in  Table  1 3 .  
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Muiuucc  <jt  o<unpxe  a  c  *  -,  n  ~  Commerc ia l  Agent-  Tes ted   4  5  6  7  8  9  p r o d ^ r - a J -  

Drawing  St  ace  I n t e r n a l   ~  ~  "  —  
Test   of  Su r face   °  °  0  0  ©  ©  ^  

Pipe  E x t e r n a l   _  ^ Sur face   0 - 0   ©  ©  0  0  0 

S t a t e   of  Plug  ©  0  0  0  ©  ©  x  

Maximum  Drawing  7.0  7.0  7.1  7.1  7.2  7.0  7 . 3  Load  ( t o n )  

MaximumPlug  1.3  1.4  1.4  1.3  1.4  1.4  1 . 4  Thrus t   ( t o n )  

l.  wwuMttCMj.  p r o d u c t   is  G-755B  metal   working  f l u i d   (product   name)  f rom 
S l S ? n 2 f ? C ^ U   Ltd*  -A  l ub r i ca f c i**   drawing,   t h a t   c o n t a i n s  c m o r m a t e d   p a r a f f i n   as  pr imary   component;   v i s c o s i t y   100°C  (cp)  =  30. 

*  •  The  t e s t   was  conduc ted   under  the  drawing  t e s t   c o n d i t i o n   II  in  Table  13 .  
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According  to  Tables  5  and  6,  a l l   of  the  high  m o l e c u l a r  

compounds  s e l e c t e d   as  l i s t e d   in  Table  4  are  high  in  v i s c o s i t y  
in  comparison  with  the  commerical  p roduc t s .   The re fo re ,   t h e  
i n v e n t o r s   e s t i m a t e d   tha t   the  s i ng l e   use  of  them  would  l o w e r  

5  the  w o r k a b i l i t y .   It  is  to  be  noted  tha t   in  the  o r d i n a r y  

o p e r a t i o n ,   unless   the  k inemat ic   v i s c o s i t y   at  50°C  is  1,000  e s t  

or  below,  the  oi l   supply  becomes  d i f f i c u l t   to  u s e .  

Consequen t ly ,   s ince  2 - e t h y l   p o l y m e t h a c r y l a t e - h e x y l   e s t e r   of  ( 8 )  

is  ex t remely   high  in  v i s c o s i t y ,   i t   was  thus  e v a l u a t e d   to  be 
10  imposs ib l e   to  put  into  a c tua l   use,  and  i t   was  e x c l u d e d .  

Next,  a  study  was  conducted  by  aiming  to  lower  t h e  

v i s c o s i t y   wi thout   lowering  the  l u b r i c a t i n g   performance  ( b u r n i n g  

r e s i s t a n c e ) .   As  the  method  to  lower  the  v i s c o s i t y ,   a  t h i n n i n g  
15  oi l   tha t   is  150°C  or  above  in  f l a sh   point   and  tha t   is  a  low 

v i s c o s i t y   l i q u i d   at  room  t e m p e r a t u r e   was  c o n s i d e r e d .   As  t h e  

t h i n n i n g   o i l ,   g e n e r a l l y ,   an  o i l i n e s s   improver  is  used.  As 

was  mentioned  in  the  beg inn ing ,   as  the  o i l i n e s s   i m p r o v e r ,  
there   are  f a t s   and  o i l s ,   s a t u r a t e d   or  u n s a t u r a t e d   f a t t y   a c i d  

20  with  ten  or  more  carbons ,   f a t t y   acid  e s t e r ,   p h o s p h a t e ,  

a l coho l ,   e t c . ,   but  those   which  are  l i q u i d   with  low  v i s c o s i t y  
at  room  t e m p e r a t u r e   and  which  are  150°C  or  above  in  f l a s h  

point   are,   for  example,  (a)  r e f i n e d   l a rd ,   (b)  o l e i c   a c i d ,  
(c)  phospha te ,   (d)  h indered   e s t e r ,   (e)  i s o s t e a r i c   ac id ,   and 

25  (f)  C18  s a t u r a t e d   h igher   a l coho l ;   and  while  (g)  minera l   o i l  

is  used  as  a<  base  o i l ,   i t   is  g e n e r a l l y   used  also  as  t h e  

t h i n n i n g   o i l .  

The  t h inn ing   o i l s   of  (a)  to  (g)  mentioned  above  a r e  

30  not  usable   p r a c t i c a l l y   as  they  are ,   and  t h e i r   c o m p a t a b i l i t y  
with  the  above-ment ioned   components  (4),   (5),   (6),   (7)  and  ( 9 )  

which  are  to  be  compounded  with  them  must  be  s a t i s f a c t o r y .  

The re fo re ,   a l l   p o s s i b l e   combina t ions   between  (4),   (5),   ( 6 ) ,  

(7)  and  (9)  and  (a)  to  (g)  were  taken  in to   c o n s i d e r a t i o n ,  
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and  they  were  compounded  at  a  r a t i o   of  1  :  1  in  %  by  w e i g h t ,  
and  the  c o m p a t a b i l i t y   was  checked.   Thus,  the  r e s u l t s   a s  
shown  in  Table  7  were  o b t a i n e d .  

Then  from  Table  7,  i t   was  de te rmined   t ha t   (7)  and  ( 9 )  

are  high  in  c o m p a t i b i l i t y   with  r e s p e c t i v e   types  of  o i l i n e s s  

improvers   (a)  to  (f)  as  well  as  with  (g)  and  thus  they  a r e  
s u i t a b l e   for  the  purposes   of  t h i s   i n v e n t i o n ,   and  the  r a n g e  
of  the  compounds  to  s e l e c t e d   was  narrowed  down  to  2 - e t h y l  

p o l y a c r y l a t e - h e x y l   e s t e r   of  (7)  and  p o l y m e t h a c r y l i c   acid  l a u r y l  

e s t e r   of  ( 9 ) .  

The  o i l i n e s s   improvers   are  not  l i m i t e d   to  (a)  to  ( f )  

mentioned  above,  but  s ince   they  are  l i q u i d s   at  room  t e m p e r a t u r e  

and  are  compa t ib l e   with  the  above  mentioned  polymers,   they  can  

be  used  as  the  o i l i n e s s   improver  in  t h i s   i n v e n t i o n .  

In  a d d i t i o n ,   a l though   the  o i l i n e s s   improver  i s  

compounded,  i t s   s i g n i f i c a n c e   is  d i f f e r e n t   from  tha t   i n  

c o n v e n t i o n a l   cases .   As  shown  in  Tables  5  and  6,  s ince   ( 7 )  

and  (9)  show  a  high  burning  r e s i s t a n c e   by  t hemse lves ,   u n l i k e  

in  c o n v e n t i o n a l   s y n t h e t i c   l u b r i c a t i o n   o i l s ,   they  are  not  t o  

f u n c t i o n   as  the  base  o i l .   The  o i l i n e s s   improver  is  added  a s  

a  t h i n n i n g   o i l .  
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T a b l e   7 

Number  of  S a m p l e  
A g e n t   T e s t e d   4  5  6  7  8  9 

M i n e r a l   O i l  
( m a c h i n e - 1 0 )   

_  
*  x  °  °  

R e f i n e d   La rd   X  &  X  0  0  

O l e i c   Ac id   0  0 X 0   0  

P h o s p h a t e   0  0  &  0  0  

H i n d e r e d   E s t e r   ^   A  A  0  -  —  0  

I s o s t e a r i c   Ac id   X  A  X  0  0  

C18  S a t u r a t e d   " 

H i g h e r   A l c o h o l   x  x  °  O  —  O 

Remarks   :  0  . . .   C o m p l e t e l y   c o m p a t i b l e  
A  . . .   C l o u d e d   l i q u i d   s t a t e ,   t e n d e d   to   s e p a r a t e  
X  . . .   C o m p l e t e d   s e p a r a t e d   i n t o   two  l a y e r s  
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Fol lowing  the  above,  with  each  of  2 - e t h y l   p o l y a c r y l a t e -  

hexyl  e s t e r   of  (7)  and  p o l y m e t h a c r y l i c   acid  l a u r y l   e s t e r   o f  

(9),   (a)  to  (g)  were  compounded,  r e s p e c t i v e l y .   By  using  them,  

many  types  of  t e s t   o i l s   were  p repared   by  a d j u s t i n g   t h e  

compounding  r a t i o   so  t h a t   the  k inemat i c   v i s c o s i t y   at  50°C 

becomes  about  80,  150,  300,  and  600  e s t .   Then,  again ,   t h e  

c o m p a t i b i l i t y   and  the  burning  r e s i s t a n c e   based  on  the  d r awing  

t e s t   were  checked  anew,  and  the  r e s u l t s   shown  in  Table  8 ,  

Table  9,  Table  10  and  Table  11  were  o b t a i n e d .  

In  Table  8,  Table  9,  Table  10  and  Table  11,  t h r e e  

types ,   t ha t   is  (a) ,   (b)  and  (c) ,   are  compounded  with  2 - e t h y l  

p o l y a c r y l a t e - h e x y l   e s t e r   of  (7)  and  p o l y m e t h a c r y l i c   a c i d  

l a u r y l   e s t e r   of  (9),   but  i t   does  not  means  to  exclude  ( d )  

h indered   e s t e r ,   (e)  i s o s t e a r i c   ac id ,   and  (f)  C^g  s a t u r a t e d  

high  a l c o h o l .   Any  o i l i n e s s   imrpover  t h a t   is  l i q u i d   at  room 

t e m p e r a t u r e   and  t ha t   is  compat ib le   with  the  a b o v e - m e n t i o n e d  

polymers  may  be  u s e d .  
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Table  8  (50°C  Kinematic   V i s c o s r t y   a b o u t  
,80  es t )   "_ 

NO.  OF  TEST  SAMPLE  OIL:  HI  H2  •  H3  H4  Rl  R2  R3  R4 
%  oy  weignt   3  0-  -  4,  ._g  i(. of  l u b r i c a t i n g   A  I  •  7  43  29  38  46 
components  S  L  g  29  lg  2Q  3Q 

H   h  57 
I  L  0  1 
N  I  M  a  71  84 
I-  L P  
N  R  . 
Q  '  0  62  80 

V  . 
E C   54  70 
R 

C o m p a t i b i l i t y   O O O O O O O O  

50  *C  K i n e m a t i c  
V i s c o s i t v   e s t   81  *-3  83'2  80*4  74'6  84'4  75-7  72«9  83 -5  

D  T  C  S ta te   e * ^ * " * 1   X 0 0 0 X 0 0 0  
r  S  0  of  s u r . a c e   _______  _  
a  c  m  E x t e r n a l  
J ?   J  ? i?e   Surface   A  O  0  0 ^ 0   0  0 

 ̂  ̂ S t a t s   of  Plug  X O O 0 O 0 0 O  
G  I  "  "  '■' 

0  Maximum  Drawing 
jq  r,oad  7.0  6.9  6.9  6..8S  7.1  6.9  6.8  6 . 8 5  

II  ( toni .^xi iauia   ?lug  u -   1<4  1>3  •  1<3  1>4  1<3  1>3  1>3 
T h r u s t  

d  t  c  s t a t e   I " 8 , ; ^ 1   XX  0  0  0  XX  0  0  0 
r  e  o  of  -!":"_  -  '■ 

W  T  D  Surface   ^  0  0  0  __  0  0  0 

 ̂ Z  S tars   of  Plug  XX  •  0  0  0  0  0 . 0   0 
g  £  ■  ■  :  — 

0  Maximum  Drawing  ?>4  7>2  7>0  6>95  ?>5  1 2   ?>,  7>3 N  jjOaa 

111  (tonl  Maximum  Plug  ,  ,  ,  e-  ,  =  ,  c  i  - -  mt,_.,__  1«7  1.3  1.6  1.3  1.63  1.5  1.6  1 . 3 3  

Remarks:  1.  The  c o m p a t i b i l i t y   is  i n d i c a t e d   by  the  same  manner  as  i n  
Table  7 .  

2.  The  t e s t   was  conduc ted   under  the  Drawing  Test  C o n d i t i o n s  
II  and  I I I   of  Table  1 3 . .  
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Table  9  (50°C  Kinematic   Viscosi ty*  about  8 0 c s t )  

JtO.  OF  TEST  SAMPLE  OIL:  H5  H6  -  H7  H8  R5  R6  R7  Rfi 
%  ay  wexgnc  3  O  7  *  53  -  43  51  57 of  l u b r i c a t i n g   A  I  •  7  J  3J"  57 
components   S  L  9  35  25  29  38 

I  °  h  .  46  65 
XL  0  1 
N  X  M  a  57  '  75 
X  L P  
S  0  b  49  71 

v  
E C   43  62 
R 

C o m p a t i b i l i t y   0  0 0 0   O O O O  

50  °C  Kinemat ic   „ V i s c o s i t y   e s t   147  149  155..  152  150  151  149  154 

0  t  c  s t a t e   ^ " f - * 1   a   o  ©'  ©  ^  ©  ©  © 
R  S  O  of  S u r . a c e  
1  a  >r  E x t e r n a l  

J  Sur face   0  ®  ®  . ®   0  ®  ©  © 

 ̂ S t a t s   of  Plug  x  ©  ©  0  X  0 ©   Q 
G  I  

0  Maximum  Drawing.  
N  Load  .  7«0  6.8  6.9  6.8  7.1  6.9  6.9  6 . 8  

--  (ton  1  Maximum  P l u g  
Thrusc  1.45  1.3  1.4  1.4  1.4  1.3  1.3  1 . 3  

D  T  C  S t a t a   ^ " f ^ t 1   X  0  0  0  X  0 0   0 3  ?  0  0*  s u r f a c e  
■«  =  xt  S : c = s m a i  
«  S  3  

*"r  Sur face   0  ©  ©  ©  0 0 0 0  

 ̂ X.  Stace  of  Plug  X  0  ©  0  X  0 ©   © 
G  I  ;  '■ 

0  Maximum  Drawing  
31  Load  7'4  7-2  7-4  7-3  7.5  7.3  7.2  7 . 2  

I I :   *  -a  r  *  Maximum  P l u g  
Thrus t   1.7  1.55  1.6  1.55  1.75  1.6  1.6  1 . 5  

REMARKS:  1.  The  c o m p a t i b i l i t y   is  i n d i c a t e d   in  the  same  way  as  in  Table  7. 

2.  The  t e s t   was  pe r fo rmed   by  us ing  the  drawing  t e s t   c o n d i t i o n s  
II  and  I I I   in  Table  1 3 .  
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Table  10  (Drawing  T e s t )  

NC.  0?  TEST  SAMPLE  OIL:  H9  H10  Hll  H12  R9  RIO  Rll  Rl5 
%  ay  weight  3 0   I  -  ~   ~  
of  l u b r i c a t i n g   A  I  .  /  65  57  62  68  C 
components  S  L  g  ,  ,  „_  0 

S  .  43  35  38  46  u  P 
TO  h  V  R 
HI   h  35  •  57  e  0 
I  L  0  I  .  •  '  "  H  D 
N  I  M  a  43  65  T  0 
I  L  ?  T  n 
G  0  b  38  62  

"  
. 2   T 

V  :  N  • 
2  c  .  46  54  f  
R  L 

Compat ib i l i ty   o  0  0  0 0   0  0  0 

v i s c o 5 ? y " - t C   326  283  298  313  318  292  306  3°2  290 

D  T  C  State  i f ; ^ " * 1   A  0  0  0 ^ 0   0 0 - 0  
R  2  0  of  Sur-ace^ 
i ;   ;  ?i?e  S S S S r   0  0  0  •  

.  
o  •  •  0  © 

 ̂ £  State  of  Plug  0  0  0  0 0   0  0 0 0  
G  I  —■ 

0  Maximum  Drawing  7.0  6.8.  6.8  6.8  7.1  6.8  6.9  6.8  7 . 0  
N  Load 

12  (-3n)jlaxiiaum  ?lug  .  ,  r  ,  .  ,  ,  .   ̂•  Thrust  i*65  1-5  1-S  1*6  1.5  1.45  1.5  1.4  1 . 5  

S  ;  S  ! 5 * " -   i S i - S i 1   xx  0  0  o  xs  o  o o  
a s m   E x t e r n a -  
£  5  *  Surface  A  0  0  0  _  __•  '  0  0 0 0  

 ̂ m  State  of  Plug  XX  0  0  0  0 0   O O X  

0  Maximum  Drawing  ?>4  _>2  ?<0  ^   7>.  ^  

I l Z U o n ) ^   ?lug  i>?  i g   ^   ^ s   ^  

Remarks:  1.  The  c o m p a t i b i l i t y   is  i n d i c a t e d   in  the  same  way  as  in  Table  7 .  

2.  The  t e s t   was  per formed  by  using  the  drawing  t e s t   c o n d i t i o n s  
II  and  I I I   in  Table  13.  

3.  The  c o n v e n t i o n a l   product   used  for  comparison  is  G-755B 
(product   name)  from  Nippon  Kosakuyu  Co.,  Ltd.  I t   is  a 
l u b r i c a t i n g   o i l   for  drawing,   c o n t a i n i n g   c h l o r i n a t e d   p a r a f f i n  
as  the  main  component.   100  °C  -  30  c p .  
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Table  11  (Drawing  T e s t )  

MO.  OF  TEST  SAHPLS  OIL:  H13  H14  H15  H16  R13  R14  R15  R16 
%  by  weight   3  0  -  7 0 - 7 7   80 of  l u b r i c a t i n g   A  I  •  '  78  70  77  80 
components   S  L  .  9  50  44  48  53 

H I   ■  
h  22  50 

XL  0  1 
H  I K   a  ' 3 0   56 
I  L P  
»  *  b  .  23  52 

V  - 
S  c  2.0  47 
R 

C o m p a t i b i l i t y   O O O O O O O O .  

V i s w K t v ^ s t 5 "   603  614  68S  611  565  592  605  634 

D  T  C  S t a t e   I n t e r n a l   »  0  0  '  0  A  '  G  0  0  
R 2   0  of  S u r f a c e  

b i t   " 5 e   S r f S r   O 0 0 0   O G O G  
vf  T  D  —  —  —  — 

 ̂ „  S t a t s   of  Plug  O 0 0 0 O 0 G 0  

0  Maximum  Drawing  7  ^   6.9  .  •  6.8  .  ,6.8  7.25  6.8  6.8  6 . 8  

__.  (ton  Maxi^ya  p_,_g 
Thrus t   1.45  •  1.4  1.45  1.4  1.5a  1.45  1.45  1 . 4  

D  T  C  S ta te   ^-"1-~r-i-  X 0 0 0 X 0 Q ©  
R  2  O  of  s u r . a c e   , a  e  «  _ x t e r r . a i  
5 _   J  ---~e  Sur face   0 0 0 0 0 0 0 ©  

 ̂  ̂ S t a t e   of  Plug  XX  ©  ©  ©  XX  ©  ©  © 
G  X  :  : 

O  Maximum  Drawing  _  _  _  ,  ,  ,  , ,   _ _ _ _ _   -  ,  _ _ _  
*4  Load  7.5  7.3  7.3  7.3  7.5d  7.2  7.3  7 . 2 5  

^ ^ t o n   '  Maximum  P l u g  
Thrus t   .  L'7  1'55  1'6  L'5  1'75  1-6  1-6  1*5 

Remarks:  1.  "  The  c o m p a t i b i l i t y   is  i n d i c a t e d   in  the  same  way  as  in  Table  7 .  

2.  The  t e s t   was  per formed  by  us ing  the  drawing  t e s t   c o n d i t i o n s  
II  and  I I I   in  Table  13 .  
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It  was  found  from  Tables  8  to  11  tha t   burning  is  c a u s e d  

less   on  the  e x t e r n a l   and  i n t e r n a l   s u r f a c e s   of  the  t e s t e d  

m a t e r i a l s   (drawn  pipes)   when  the  o i l i n e s s   improver  i s  

compounded  as  the  t h i n n i n g   o i l ,   than  tha t   caused  in  t h e  

5  l u b r i c a t i o n   performance  shown  by  the  case  where  the  r e s p e c t i v e  

polymers  are  used  as  the  only  component.  In  p a r t i c u l a r ,   t h o s e  

d i l u t e d   with  o l e i c   acid  or  phosphate   are  s a t i s f a c t o r y   i n  

l u b r i c a t i n g   per formance ,   and  a l so ,   those  with  higher   v i s c o s i t y  

are  p r o p o r t i o n a l l y   h igher   in  per formance .   In  the  case  o f  

10  80  e s t ,   s l i g h t   burning  was  observed .   The  case  in  which  

minera l   oi l   was  compounded  as  the  t h inn ing   oi l   was  u n s a t i s -  

f a c to ry   in  p e r f o r m a n c e .  

Next,  the  burning  r e s i s t a n c e   was  checked  for  the  s a m p l e s  

15  ob ta ined   by  d i l u t i n g   them  with  a  t h i n n i n g   o i l   (equal   %  by  w e i g h t  

compounding)  p repared   by  combining  not  only  one  type  but  n o t  

l ess   than  two  types  s e l e c t e d   from  l a rd ,   o l e i c   acid  and  p h o s p h a t e .  

The  t h i n i n g   o i l s   (equal   %  by  weight  compounding)  were  

20  p repared   by  combining  not  l e s s   than  two  types  s e l e c t e d   from 

l a rd ,   o l e i c   acid  and  phospha te ,   and  the  r e s p e c t i v e   t h i n n i n g  

o i l s   thus  ob ta ined   were  compounded  (a l so   in  t h i s   case,   t h e  

compounding  r a t i o   was  equal  to  each  other   among  the  components  

in  terms  of  %  by  weight)   with  2 - e t h y l   p o l y a c r y l a t e - h e x y l   e s t e r  

25  or  p o l y m e t h a c r y l i c   acid  l a u r y l   e s t e r .   Also,  an  a d j u s t m e n t  

was  made  for  the  k inemat ic   v i s c o s i t y   so  that   i t   became  a b o u t  

300  est   at  50°C.  In  t h i s   manner,  many  types  of  t e s t   o i l s  

were  p repa red .   Together   with  the  p roduc t s   ( l u b r i c a n t s )  

ob ta ined   by  using  the  c o n v e n t i o n a l   a r t ,   the  t e s t   o i l s   were  

30  t e s t e d   by  the  drawing  t e s t   under  the  drawing  t e s t   c o n d i t i o n  

IV  in  Table  13,  and  the  r e s u l t s   shown  in  Table  12  were 

o b t a i n e d .   The  drawing  t e s t   c o n d i t i o n   IV  is  45.9%  i n  

r e d u c t i o n   of  area,   and  t h i s   is  a  p r o c e s s i n g   degree  ( d r a f t )  

c lose   to  the  l im i t   for  the  drawing  of  carbon  s t e e l   pipe,   f o r  

35 
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one  time.  If  the  d r a f t   is  i n c r e a s e d   even  s l i g h t l y   from  i t ,  
the  m a t e r i a l   becomes  r u p t u r e d .  

From  the  r e s u l t s   shown  in  Table  12,  i t   was  found  t h a t  

the  l u b r i c a n t s   provided  by  t h i s   i n v e n t i o n   have  a  b u r n i n g  
r e s i s t a n c e   almost  e q u i v a l e n t   to  t ha t   shown  by  the  c o n v e n t i o n a l  

l u b r i c a n t s   ( those   ob ta ined   by  the  chemical   conve r s ion   c o a t i n g s  
and  by  the  s y n t h e t i c   coa t i ng   p r o c e s s i n g ) .   Also,  i t   was 
found  t h a t   when  the  metal  face  of  the  outer   s u r f a c e   of  t h e  

s t e e l   pipe  a f t e r   the  drawing  conducted  by  using  the  l u b r i c a n t s  

acco rd ing   to  t h i s   i n v e n t i o n   was  compared  with  such  m e t a l  

s u r f a c e   drawn  by  using  the  c o n v e n t i o n a l   l u b r i c a n t ,   the  m e t a l  

s u r f a c e   r e s u l t i n g   from  the  use  of  the  l u b r i c a n t   a c c o r d i n g  
to  t h i s   i n v e n t i o n   is  c l e a n e r   than  tha t   r e s u l t i n g   from  the  u se  
of  the  c o n v e n t i o n a l   l u b r i c a n t .  

From  the  r e s u l t s   ob ta ined   as  mentioned  above,  i t   was 
conf i rmed  t h a t   the  samples  p repared   by  compounding  t h e  

t h i n n i n g   o i l   t h a t   is  composed  of  a  s i n g l e   component  s e l e c t e d  

from  o l e i c   ac id ,   l a rd   and  phosphate   which  are  the  o i l i n e s s  

improvers ,   or  t ha t   is  composed  of  two  or  more  types  o f  

components  s e l e c t e d   from  the  fo rego ing   o i l i n e s s   i m p r o v e r s ,  
with  e i t h e r   2 - e t h y l   p o l y a c r y l a t e - h e x y l   e s t e r   or  p o l y m e t h a -  

c r y l i c   acid  l a u r y l   e s t e r   have  e x c e l l e n t   burning  r e s i s t a n c e  

comparable   to  tha t   shown  by  l u b r i c a n t s   ob ta ined   by  c h e m i c a l  

conve r s ion   c o a t i n g s   or  r e s i n   c o a t i n g s .  

Fu r the rmore ,   s ince   2 - e t h y l   p o l y a c r y l a t e - h e x y l   e s t e r  
and  p o l y m e t h a c r y l i c   acid  l a u r y l   e s t e r   are  compa t ib l e   w i t h  

each  o the r ,   the  t h i n n i n g   oi l   composed  of  a  s i n g l e   component  

or  the  combined  components  s e l e c t e d   from  o l e i c   acid,   l a r d  

and  phosphate   may  be  compounded  with  the  compound  of  2 - e t h y l  

p o l y a c r y l a t e - h e x y l   e s t e r   and  p o l y m e t h a c r y l i c   acid  l a u r y l   e s t e r .  
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Table   13  ( L i s t   of  Drawing  Tes t   C o n d i t i o n s )  

iU 

,*  Q u a l i t y :   Carbon  S t e e l   Pipe  for   M e c h a n i c a l  
Sample!  S t r u c t u r e   0.2%  C  (STKM-13C) 
M a t t e r s   #Mas te r   Pipe   D i m e n s i o n s :   O u t s i d e   D iamete r   25.4mm  x  T e s t e d !   w a l l   t h i c k n e s s   2 .5mmt  

>«Oil  SuddIv :   I m m e r s i o n  

D i m e n s i o n s   a f t e r   d rawing   R e d u c t i o n  
( o u t s i d e   d i a m e t e r   x  wal l   in  Drawing  

C o n d i t i o n   t h i c k n e s s )   Area  -  Plug  R a t e  

I  19.00mra$f  x  2.3mmt  32.9%  JiJjJ*1,0*1  10m/min 

II   19.00mmj.  x  2.1mmt  38.0%  | i u g r i C a l   lOm/min 

I I I   19.00nm«.  x  1.9mmt  43.2%  p i a " " * 1   10m/min 

IV  19.00mn#  x  1.8mmt  45.9%  f i u j * 1 " 1   10ra/min 

As  seen  -in  Tables   8  to  11,  when  the  minera l   o i l   is  added,  t h e  

l u b r i c a t i n g   per formance   of  .the  polymers  is  lowered.   However,  f o r  

example,  in  the  area  r e d u c t i o n   p r o c e s s i n g   for  metal  shee t ,   compared 
20  with  the  drawing  of  s t e e l   pipe,   the  l u b r i c a t i n g   c o n d i t i o n   is  c o n s i d e r a b l y  

e a s i e r .   T h e r e f o r e ,   i f   an  ex t remely   low  cost   minera l   oi l   can  be  added  
wi thou t   caus ing   a  s i g n i f i c a n t   lower ing  of  the  l u b r i c a t i n g   p e r f o r m a n c e ,  
i t   is  p o s s i b l e   to'  use  the  minera l   o i l   as  a  f i l l e r   ( e x t e n d i n g   agen t ) ,   and 

thus ,   i t   is  economica l .   Accord ing ly ,   with  r e s p e c t   to  the  l u b r i c a t i n g  
25  per formance   of  the  polymers  in  terms  of  the  burning  r e s i s t a n c e   in  c o l d  

p l a s t i c   p r o c e s s i n g ,   the  p o s s i b i l i t y   of  mixing  minera l   oi l   to  make  i t  
f e a s i b l e   to  car ry   out  cold  p l a s t i c   p r o c e s s i n g   with  a  burning  r e s i s t a n c e  
tha t   is  h igher   than  t ha t   shown  by  c o n v e n t i o n a l   o i ly   l u b r i c a n t   a l t h o u g h  
i t   is  lower  than  t ha t   shown  by  the  c o n v e n t i o n a l   chemical   c o n v e r s i o n  

30  c o a t i n g   l u b r i c a t i o n   and  s y n t h e t i c   r e s i n   coa t i ng   l u b r i c a t i o n   was 
i n v e s t i g a t e d .  

>_■ 

For  the  purpose  mentioned  above,  the  i n v e n t o r s   p repared   t e s t   o i l s  

Dy  f u r t h e r   compounding  minera l   o i l ,   at  va r ious   r a t i o s ,   with  the  o i l y  
Lubr ican t   o b t a i n e d   by  compounding  the  above  mentioned  t h i n n i n g   o i l   w i t h  
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1 - e t h y l   p o l y a c r y l a t e - h e x y l   e s t e r .   Then,  by  conduc t ing   an 
area  r e d u c t i o n   (drawing)  t e s t ,   the  r e l a t i o n   between  t h e  

lowering  in  l u b r i c a t i n g   performance  and  the  r a t i o   of  t h e  

minera l   oi l   compounded  was  checked.   The  r e s u l t s   are  shown 
in  Table  14.  As  is  seen  in  t h i s   Table,  each  t e s t   o i l   has  a 
l u b r i c a t i n g   performance  range  best   s u i t a b l e   for  the  a r e a  
r e d u c t i o n   (drawing)  p r o c e s s i n g   of  metal  shee t ,   tha t   i s  

de te rmined   in  accordance   with  the  compounding  r a t i o .  
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Table   14  (Area  R e d u c t i o n   T e s t )  

A.  Remarks  : 

1.  C y l i n d e r   d rawing   (a rea   r e d u c t i o n )   t e s t   c o n d i t i o n  

Punch  d i a m e t e r   ;  4  0  mm  s_  ,  s h o u l d e r   4  .  5  mm  R 

5  Die  d i a m e t e r ;   42.58  mm  0,  s h o u l d e r   9.1  mm  R 

Sample  m a t e r i a l   t e s t e d ;   spec  0.8  mmt  (cold  r o l l e d   s t e e l   s h e e t )  

Drawing  r a t e ;   20  M/min  

Wr ink le   p r e s s ;   700  k g  

2  .  O  . . .   Drawing  is  s u c c e e d e d   ,  X  . . .   R u p t u r e d  

10  3.  e s t   i n d i c a t e s   the  k i n e m a t i c   v i s c o s i t y   at  50  °C.  

4.  For  the  p r o d u c t   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   the  s a m p l e  

H6  in  Table   9  was  u s e d .  

5.  As  the  t h i n n i n g   o i l ,   the  machine   o i l   220  t h a t   is  s i m i l a r  

to  H6  in  v i s c o s i t y   was  u s e d .  

15  6.  As  the  commerc i a l   p r e s s   o i l ,   No.  64  0  p r e s s   machine   o i l  

(metal   work ing   f l u i d )   p r o d u c e d   by  Nippon  Kosakuyu  (50°C 

160  e s t ,   wi th   c h l o r i n e ,   •  s u l f u r   sys tem  ex t reme   p r e s s u r e  

a d d i t i v e   compounded)  was  u s e d .  

7.  For  the  r e s i n   c o a t i n g   l u b r i c a t i o n   p r o c e s s i n g ,   a  r e s i n  

20  c o a t i n g   type  l u b r i c a n t ,   c o m m e r c i a l   name  " L u b c o a t   N-7"  

from  Nippon  Kosakuyu,   was  u s e d .  

25 
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F i n a l l y ,   for  the  sample  m a t e r i a l s   for  the  drawing  and 

area  r e d u c t i o n   t e s t s   using  the  t e s t   o i l s   accord ing   to  t h i s  

i n v e n t i o n   ob ta ined   by  varying  the  compounding  r a t i o   of  t h e  

components  mentioned  above,  r e s p e c t i v e l y ,   the  fo l lowing   t e s t  

5  was  conducted .   That  is ,   the  sample  m a t e r i a l s   were  immersed 

in  an  aqueous  s o l u t i o n   of  3  %  sodium  o r t h o s i l i c a t e   tha t   was 
heated   to  6Q°C.  The  r e s u l t   is  t ha t   every  sample  could  be 

freed  from  grease   comple t e ly .   Also,  no  d i s c o l o r a t i o n   o r  
c o r r o s i o n   was  caused  to  the  s t e e l   m a t e r i a l .  

10 

Ash  should  be  appa ren t   from  the  d e s c r i p t i o n   g i v e n  

above,  the  o i ly   l u b r i c a n t   for  cold  p l a s t i c   p r o c e s s i n g   o f  

m e t a l l i c   m a t e r i a l ,   t ha t   is  p rovided  by  t h i s   i n v e n t i o n ,   h a s  

the  fo l lowing   e f f e c t s .  

15 

(1)  While  i t   is  an  o i ly   l u b r i c a n t ,   i t   has  a  b u r n i n g  
r e s i s t a n c e   e q u i v a l e n t   to  tha t   shown  by  the  chemical   c o n v e r s i o n  

coa t ing   l u b r i c a t i o n   and  the  s y n t h e t i c   r e s i n   coa t ing   l u b r i c a t i o n .  

Consequen t ly ,   va r ious   types  of  cold  p l a s t i c   p r o c e s s i n g s   i n  

20  which  the  q u a l i t y   of  the  r e s u l t i n g   product   was  a s sured   by  t h e  

chemical   c o n v e r s i o n   coa t ing   l u b r i c a t i o n   and  the  s y n t h e t i c  
r e s i n   coa t i ng   l u b r i c a t i o n   can  employ  the  d i r e c t   o i l   s u p p l y  

system  i n s t e a d   of  the  above  mentioned  c o a t i n g   l u b r i c a n t s .  

Thus,  the  l u b r i c a t i n g   t r e a t m e n t   becomes  simple  and  l e s s  

25  t r oub l e some .   As  a  r e s u l t ,   the  p rocess   becomes  s impler   t h a n  

the  p rocess   using  the  chemical   conve r s ion   coa t ing   l u b r i c a t i o n  

and  the  r e s i n   coa t i ng   l u b r i c a t i o n ,   and  such  d i r e c t   o i l   s u p p l y  

system  can  be  a p p l i e d   a lso  to  the  con t inuous   p r o c e s s e s .  
F u r t h e r m o r e ,   va r ious   types  of  cold  p l a s t i c   p r o c e s s i n g   p r o d u c t s  

30  which  have  been  assured   of  t h e i r   q u a l i t y   by  chemical   c o n v e r s i o n  

coa t ing   l u b r i c a t i o n   and  s y n t h e t i c   r e s i n   coa t ing   l u b r i c a t i o n   a r e  

easy  to  t r e a t   for  the  removal  of  l u b r i c a t i n g   o i l   a f t e r  

p r o c e s s i n g   due  to  the  use  of  the  o i ly   l u b r i c a n t .   Thus,  t h e  

35 
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metal  su r f ace   becomes  c l e a n e r   than  tha t   of  p roduc t s   p r o c e s s e d  

by  using  chemical   convers ion   coa t ing   l u b r i c a t i o n   or  s y n t h e t i c  

r e s in   coa t ing   l u b r i c a t i o n .   Also,  when  l u b r i c a t i n g  

performance  can  be  a  l i t t l e   lower,  such  as  in  the  area  o f  

5  r e d u c t i o n   p r o c e s s i n g   for  metal  shee t ,   minera l   oi l   can  be  u sed  

as  a  f i l l e r .  

(2)  As  i t   c o n t a i n s   not  only  extreme  p r e s s u r e   a d d i t i v e s ,  

but  also  o ther   m a t e r i a l s   which  are  high  in  r e a c t i v i t y ,   t h e  

10  metal  m a t e r i a l   does  not  co r rode ,   thus ,   the  de f ec t s   of  o i l y  

l u b r i c a n t s   provided  by  p r i o r   a r t   can  be  e l i m i n a t e d .  

15 
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CLAIMS 

1.  An  o i ly   l u b r i c a n t   for  cold  p l a s t i c   p r o c e s s i n g   o f  

m e t a l l i c   m a t e r i a l   compr is ing   one  or  both  of  the  po lymer s  
5  s e l e c t e d   from  2 - e t h y l   p o l y a c r y l a t e - h e x y l   e s t e r   and 

p o l y m e t h a c r y l i c   acid  l a u r y l   e s t e r   compounded  with  at  l e a s t  

one  type  of  an  o i l i n e s s   improver  which  is  l i q u i d   at  room 

t e m p e r a t u r e   and  which  is  compa t ib le   with  said  p o l y m e r s ,  

as  a  t h i n n i n g   o i l ,   in  a  p r ede t e rmined   r a t i o .  

10 

2.  An  o i ly   l u b r i c a n t   for  cold  p l a s t i c   p r o c e s s i n g   o f  

m e t a l l i c   m a t e r i a l   as  set   fo r th   in  claim  1,  wherein  s a i d  

o i l i n e s s   improver  is  s e l e c t e d   from  l a rd ,   o l e i c   a c i d ,  

phospha te ,   h indered   e s t e r ,   i s o s t e a r i c   acid,   or  C-̂ g  s a t u r a t e d  

15  h igher   a l coho l   and  mix tures   t h e r e o f .  
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